Background. Desmoplastic small round cell tumor (DSRCT) is an aggressive, often fatal soft tissue sarcoma that lacks an optimal salvage regimen. We retrospectively reviewed data from 29 pretreated DSRCT patients who received pazopanib at MD Anderson Cancer Center after failure of standard chemotherapies. Subjects, Materials, and Methods. Medical records of patients treated from January 2012 to December 2016 were reviewed and regression analyses were performed. Median progressionfree survival (PFS) and overall survival (OS) were estimated using the Kaplan-Meier method and differences in survival were assessed by a log-rank test. A landmark statistical analysis was used to assess OS at a predefined 12-week time point following pazopanib initiation. Results. The mean age at pazopanib treatment was 27.5 years (range, 6.3-50.1 years). According to RECIST 1.1 criteria, 16
INTRODUCTION
Desmoplastic small round cell tumor (DSRCT) is an aggressive, usually incurable soft tissue sarcoma subtype that generally presents with diffuse abdominal sarcomatosis in adolescents and young adults, with a mean age at diagnosis of 24.9 years. First described by Rosai et al. in 1989 after a pathognomonic EWSR1-WT1 t(11;22)(p13:q12) translocation was discovered, this rare sarcoma subtype had previously been misclassified as an atypical germ cell tumor given DSRCT's poorly differentiated appearance, 9:1 male/female preponderance, and pattern of metastatic spread [1] [2] [3] [4] [5] [6] .
The improved diagnostic accuracy enabled by detection of the characteristic translocation, and recognition that DSRCT molecularly resembles Ewing sarcoma (ES) and other EWSR1 translocation-positive sarcomas, led to a paradigm shift over the last 2 decades in how these tumors are treated. In the few cancer centers that have expertise in caring for DSRCT patients, Sarcomas neoadjuvant and adjuvant chemotherapy using regimens typically reserved for ES treatment (e.g., VAI [vincristine, doxorubicin, ifosfamide], VDC/IE [vincristine, doxorubicin, cyclophosphamide/ifosfamide, etoposide], irinotecan/temozolomide) plays a central role. In select patients who have local-regional chemosensitive disease confined to the abdomen or unifocal metastasis amenable to radiofrequency ablation or radiation, our institutional practice has also been to attempt complete cytoreductive surgery. Although still under clinical investigation, hyperthermic intraperitoneal chemotherapy (HIPEC) and adjuvant whole-abdominal radiation (WART) are frequently offered to DSRCT patients who achieve complete macroscopic cytoreduction (CCR0 or CCR1; i.e., <2.5 mm of residual tumor) in an attempt to reduce the frequency of intra-abdominal recurrence [7] [8] [9] .
Although better chemotherapy options and refined surgical and radiation therapy techniques over the last decade have undoubtedly improved the 5-year survival of DSRCT patients (approaching 25% at our center), the survival rate lags behind what can reasonably be expected for ES [8, 9] given DSRCT's diffuse intra-abdominal presentation and high rate of treatment failure [4, 10] . Despite advances in the molecular profiling of DSRCT, these genomic and proteomic characterizations have not resulted in effective drug targets, and there remains no effective salvage therapy for this otherwise lethal disease [11] [12] [13] [14] .
For lack of better chemotherapeutic options specifically catered to the unique genomic/proteomic aberrations present in DSRCT, the oncology community has continued to rely upon therapies generically used for other small round blue cell tumors (SRBCTs; e.g., ES, synovial sarcoma, rhabdomyosarcoma). In some sense, that strategy has worked, because DSCRT and those other SRBCT tumor types exhibit 70%-80% response rates to select cytotoxic chemotherapies. Yet, as biologically targeted therapies have increasingly entered the clinic, we are beginning to see divergent responses in activity between ES and DSRCT. As an example, striking tumor regression occurs in approximately 10%-14% of ES patients who receive IGF-1R-targeted therapies, whereas the response in DSRCT appears more subdued in the limited data that exist [15] . Conversely, although less than 5% of ES patients respond to pazopanib, anecdotal reports and a limited case series of nine patients have suggested that DSRCT is more sensitive [16] [17] [18] [19] .
Pazopanib is a multitargeted receptor tyrosine kinase (RTK) inhibitor that parallels the antiangiogenic mechanisms of sunitinib in other metastatic tumors through inhibition of vascular endothelial growth factor receptors (VEGFR), platelet-derived growth factor receptors (PDGFR), and c-KIT, among others [20, 21] . It received U.S. Food and Drug Administration (FDA) approval in 2009 for renal cell carcinoma, and shortly thereafter in 2012 gained an indication for nonadipogenic soft tissue sarcoma (STS), primarily based on data from the European Organization for Research and Treatment of Cancer's (EORTC) phase III PAL-ETTE study (NCT00753688), which was enriched for leiomyosarcoma, synovial sarcoma, and a basket cohort of "other" STSs. Together with an earlier phase II EORTC trial of pazopanib, two of six DSRCT patients were reported to respond [22, 23] . In an effort to explain this heightened sensitivity in DSRCT, and to more accurately characterize the magnitude of pazopanib's effect in a larger subset of patients, our current study presents the largest retrospective analysis conducted to date of DSRCT patients treated with an antiangiogenic therapy. Among our key findings, pazopanib showed encouraging clinical activity in heavily pretreated DSRCT patients, with 62% of our study population achieving prolonged progression-free and overall survival without major induced toxicities.
SUBJECTS, MATERIALS, AND METHODS

Patients
Data from 38 patients with advanced DSRCT seen at MD Anderson Cancer Center from January 2012 to December 2016 treated with pazopanib were retrospectively reviewed from our electronic medical record (Fig. 1) . Institutional Review Board approval was obtained, but no informed consent was required for this retrospective review, and all patient records were de-identified prior to analysis. Nine of the thirty-eight patients had received pazopanib with an additional chemotherapy and were, therefore, excluded from our analysis. Importantly, as clinical benefit (i.e., stable disease [SD], partial response [PR] , and complete response [CR] ) is assessed in the current study, all patients demonstrated tumor progression before initiating pazopanib. Archived tissue was available for all but one of the patients, and the initial diagnosis of DSRCT was confirmed by experienced sarcoma pathologists at MD Anderson using clinical information, immunohistochemistry, and cytogenetic analyses for the EWSR1-WT1 fusion by fluorescence in situ hybridization or reverse transcription polymerase chain reaction.
Patient information was characterized by demographic factors (age at diagnosis, age at pazopanib treatment, sex, race) and clinical factors (translocation presence, metastatic disease at diagnosis, prior chemotherapy regimens, pazopanib dose, pazopanib combination with other drugs) and analyzed for clinical outcomes, including best response by Response Evaluation Criteria In Solid Tumors (RECIST) 1.1 criteria, progression-free survival (PFS), and overall survival (OS) [24] .
Statistical Analysis
Demographic and clinical characteristics were tabulated, and OS and PFS were calculated. OS was defined as the time from start of pazopanib treatment to the time of death or to the time of last contact for patients alive at the end of follow-up. PFS was defined as the time from start of pazopanib treatment to the time of disease progression or death. Patients whose disease had not progressed at last follow-up were censored for PFS at the time of last contact. Median OS and PFS were calculated using the Kaplan-Meier method [25] . A log-rank test was used to identify inequalities across strata based on patient characteristics [26] . Landmark analysis was performed based on clinical benefit status at 12 weeks as a prognostic factor for survival, with patients who died or were censored before the landmark timepoint excluded from analysis. Clinical benefit was defined as patients having stable disease, partial response (>30% reduction in tumor size), or complete response. No clinical benefit was defined as patients having progression (PD, >20% growth). Although causal inferences concerning treatment effectiveness based on the landmark analysis cannot be made, achievement of clinical benefit can be examined as a prognostic factor for survival. Regression analyses of survival data based on the Cox proportional hazards regression model were conducted for OS and PFS [26] . A two-sided p value <.05 was considered statistically significant. SAS for Windows version 9.4 software (SAS Institute Inc., Cary, NC) was used for all analyses.
RESULTS
Demographics and Baseline Characteristics
Demographics and baseline characteristics of 29 patients with advanced DSRCT are presented in Table 1 . Consistent with prior reports, a majority of the patients were male (n 5 23, 79%), and mean age at start of pazopanib treatment was 27.5 years (range, 6.3-50.1 years). Molecular confirmation of the diagnosis, using the EWSR-WT1 translocation, was confirmed in 25 (86%) of the patients. The remaining patients (4 patients, 14%) failed to undergo translocation testing and were diagnosed using immunohistochemical techniques. Patients had tumors ranging in size from 0.9 to 20.6 cm. Fifteen (52%) patients had metastatic sites at diagnosis, with ten (67%) of these patients presenting with two or more distant metastatic sites and six (34%) of these patients presenting with extra-abdominal disease. At the start of pazopanib treatment, all patients had been extensively pretreated, with 22 (76%) patients having had three or more prior chemotherapy regimens (range, 1-7; median, 3). Common regimens included Ewing's-like alkylating therapy (i.e., P6, VDC/IE, VAI), irinotecan/temozolomide, high-dose ifosfamide, cyclophosphamide/vinorelbine, and cyclophosphamide/topotecan.
Pazopanib Dosing and Side Effects
Although the FDA-approved maximal dose of pazopanib for STS is 800 mg daily, not all patients tolerated that dose. As shown in Table 1 , 18 patients (62%) received 800 mg pazopanib daily, whereas the remaining 11 patients received reduced dosages (range, 400-600 mg). Twenty-one patients (72%) stopped pazopanib because of disease progression, two (7%) patients continued on pazopanib until their death, and four (14%) patients discontinued pazopanib due to well-defined side effects; two exhibited hemorrhagic complications including hematuria, one developed hyperbilirubinemia, and one discontinued pazopanib to allow a fistula to heal.
Clinical Activity
The clinical activity of pazopanib-treated patients is summarized in Table 2 . The average duration of pazopanib treatment was 3.4 months (range, 0.7-19.6 months). Using RECIST 1.1 criteria, more than half (n 5 18; 62%) of the patients treated with pazopanib (irrespective of dose level) achieved a clinical benefit [24] . Consistent with the PALETTE data for STS [23] and the generally cytostatic nature of pazopanib, most of the clinical benefit could be ascribed to stable disease, as only one (3%) patient had a CR and one (3%) patient had a PR (Fig. 2) . At the time of data analysis, two patients were still receiving pazopanib with SD and were censored on their dates of last follow-up for PFS and OS analyses. Eighteen patients died during followup, and the median follow-up time for the surviving eleven patients was 16.8 months (range, 3.8-30.1 months).
The estimated median PFS for patients receiving pazopanib was 5.63 months (95% confidence interval [CI]: 3.23-7.47), and median OS was 15.7 months (95% CI: 10.3-32.4).
Landmark analysis based on response status at 12 weeks after start of pazopanib treatment showed that median OS for patients achieving clinical benefit was 12.8 months (95% CI: 8.9-38.3) compared with 2.7 months (95% CI: 0.03-13.6) for patients with progressive disease (Fig. 3 ; log-rank test, p 5 .004). 
DISCUSSION
In this article, we report the largest single-institution review to date of patients with metastatic DSRCT treated with pazopanib. As a tertiary care and major referral center, our population included a heterogeneous subset of pediatric and adult patients with varying degrees of metastatic disease who underwent up to seven chemotherapy regimens prior to receiving the multitargeted tyrosine kinase inhibitor pazopanib. These prior regimens included distinctive combinations of multimodal therapy comprising standard-of-care Ewing's-like alkylating therapies, high-dose ifosfamide, and cyclophosphamide/vinorelbine and topoisomerase-containing regimens, including irinotecan/temozolomide and cyclophosphamide/topotecan, that were utilized in combination with cytoreductive surgery, hyperthermic intraperitoneal chemotherapy, and whole-abdominal radiation. Following pazopanib treatment, clinical benefit was achieved in 62% (n 5 18) of the study population.
Consistent with prior studies, our patient population was predominately male (79%, n 5 23). As in prior reports, the majority of our study population were adolescents and young adults, with 68% of all patients being younger than 30 years at treatment start. In general, patients with DSRCT typically present with advanced disease [3] . In our patient population, 52% had metastatic disease at diagnosis, with 34% of all patients presenting with two or more distant metastatic sites. Due to the typical presentation of DSRCT with diffuse abdominopelvic sarcomatosis, American Joint Committee on Cancer staging was not applied, as virtually the entire cohort would have been considered stage IV disease.
Patients treated with pazopanib as salvage therapy had an estimated median PFS of 5.63 months (95% CI: 3.23-7.47) and an estimated median OS of 15.7 months (95% CI: 10.3-30.24). These results compare favorably with the published results of the PAL-ETTE study, which reported a PFS of 4.5 months and OS of 12.5 months in a group of STS patients that included just three DSRCT patients [23] . A smaller retrospective review of multi-institutional experiences by Frezza et al. established comparable OS (15.4 months; 95% CI: 1.5-29.3) but a higher PFS of 9.2 months (95% CI: 0-23.2) in patients with advanced DSRCT treated with pazopanib [19] . Although it is difficult to directly compare results of these two studies, some of this variation may be due to differences in patient demographics, presenting clinical characteristics, and the heavily pretreated nature of our study population.
Unless drug-related side effects warranted dose reductions, patients were treated using the FDA-approved dose of pazopanib. A consensus has not been reached regarding the optimal pazopanib dose or schedule in DSRCT patients [27] ; therefore, we strongly encourage readers to adhere to the pazopanib package insert. In the present series, a consistent 800-mg daily dose of pazopanib was given to more than half of all patients (n 5 18). Additionally, 17% of patients (n 5 5) received 600 mg daily, and 17% of patients (n 5 5) received 400 mg daily. Dosing information was not available for the remaining patient. Of the 10 patients (34%) receiving either 400 mg or 600 mg, 7 patients achieved clinical benefit on reduced dosages of pazopanib, including the patient who had a CR. Our analyses failed to demonstrate any difference in survival outcomes between dose levels (data not shown). The current study was underpowered to definitively answer whether a daily 800-mg pazopanib dose is superior to lower doses in patients with DSRCT, and further studies, perhaps incorporating pharmacodynamic biomarkers linked to response, should seek to optimize the correct dose for patients to maximize clinical benefit while reducing side effects [27, 28] .
Twenty-three patients (79%) discontinued pazopanib treatment due to disease progression or death. An additional four patients (14%) discontinued treatment due to pazopanibassociated side effects or other reasons. Of these, one patient who had previously been treated with HIPEC and WART discontinued pazopanib treatment in order to allow a fistula to heal at the site of a gastrostomy tube placement. Given DSRCT's typical diffuse intra-abdominal presentation and widepsread use of WART and/or intraperitoneal chemotherapy, one might have anticipated a higher incidence of bowel perforation or fistulas than what was observed in the current study. Overall, the present series disclosed a low number of side effects compared with the prevalence found in prior studies (35%-72%) [19, 23, 27] .
As a vascular tumor, DSRCT is characterized by an overexpression of vascular endothelial growth factor-A (VEGFA) and its receptor, VEGF receptor-2 (VEGFR-2), which promote the angiogenic processes necessary for continued tumor growth and proliferation [29] . Pazopanib and sunitinib both inhibit angiogenesis by abrogating the VEGF-induced phosphorylation of VEGF receptors as well as other RTKs including PDGFR, FGFR, and c-KIT, affecting downstream activation of the PI3K/AKT, PKC, and other pathways that mediate cell proliferation, migration, and survival [30] . As monotherapies, both pazopanib and sunitinib have shown clinical benefit in treating renal cell carcinoma and STS with comparable outcomes, increasing PFS and OS on the order of weeks to months, although treatment with pazopanib typically resulted in fewer side effects [21] .
Clinical benefit from pazopanib was observed in 62% of our patient population (CR in 1 patient, PR in 1 patient, SD in 16 patients). In general, this clinical benefit was transient, with 61% of these patients remaining progression-free less than 6 months, an interval consistent with previous reports [31] . Although the majority of these responses were short-lived, clinical benefit at 12 weeks was associated with increased OS as assessed using a landmark analysis. Although it cannot establish causality, the landmark approach used herein is one of several well-validated statistical methods commonly used in observational studies to evaluate the relationship that clinical benefit has upon OS. Importantly, a 12-week time-to-event landmark was selected a priori, because the progression-free rate at 12 weeks has previously been shown to distinguish clinically active cytostatic drugs from inactive ones, particularly in STS [32] . Moreover, the landmark approach has been used by over 70 studies to evaluate therapeutic activity across a broad range of the more than 50 STS subtypes [22, 33, 34] . We note that the landmark statistical approach is dependent on selection of the landmark time and conclusions from the analysis can differ depending on which landmark is chosen, as patients who die before the landmark do not contribute to the analysis and patients who respond after the landmark are classified as nonresponders [35, 36] . Further, given the rarity of DSRCT and limited study size, attempts to stratify analysis to control for covariates such as tumor size or number of prior regimens were not feasible.
Although pazopanib is approved for treatment of nonadipogenic STS following the PALETTE study, currently little to no guidance or criteria exist to inform clinicians as to which STS subtypes would benefit the most from treatment, especially in relatively rare subtypes like DSRCT. To this end, as more than half the patients in our review achieved clinical benefit, further studies should seek to identify tissue-based biomarkers that predict which patients are most likely to benefit.
Comprehensive longitudinal profiling of the genomic and proteomic tumor landscape should be employed in future trials to help identify novel therapeutic targets and unearth potential mechanisms of drug resistance. These contributions, as part of a larger robust drug development pipeline, are critical in meaningfully improving the outcomes of patients with DSRCT.
CONCLUSION
As a rare orphan tumor with few proteomic or genetic targets, DSRCT has limited therapeutic options currently available beyond standard-of-care therapies employed for other SRBCTs [32] . In the salvage setting, our study demonstrated that pazopanib was well tolerated and has the potential to prolong OS, even in heavily pretreated patients. Although not curative, a 5.6-month PFS is undoubtedly of value to the adolescent and young adult patients who struggle to combat this very aggressive malignancy. As such, pazopanib should be considered as an additional salvage regimen for patients with advanced-stage DSRCT.
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